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REMARKS 

The application has been carefully reviewed in light of the non-final Office 
Action mailed December 16, 2008. Claims 1-17 are pending. By this Amendment, 
claims 1, 3, 4, 10, 12 and 15 have been amended to clarify the claimed subject matter. 
Accordingly, claims 1-17 would remain pending upon entry of this Amendment, with 
claims ], 10, 12 and 15 being in independent form. 

Specification 

The Office Action objected to the specification because of certain informalities, 
which are corrected hereby by the proffer of a substitute specification in a redlined 
version showing all changes made in the originally filed specification and in a clean 
version. Referring to the specific objections enumerated in the Office Action: 

1. The citation of the two articles has been moved up to the second 
paragraph of the Background section; 

2. The terms DIJ and DL have been defined by inserting disclosure from 
article (1) (see description of Fig. 5 in the attached substitute 
specification); and 

3. Material from the articles has been physically incorporated into the 
substitute specification and the articles attached to the original 
specification have been deleted. 

Applicant submits that the substitute specification is now complete in itself and 
supports the claimed subject matter. 

Claim Rejections - 35 (JSC §101 

The previously pending claims 1-17 were rejected under 35 USC § 101 as 
directed to non-statutory subject matter. Each of the independent claims has been 
amended to clarify that the claimed method is tied to a particular machine (a magnetic 
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resonance imaging apparatus) and the steps thereof pertain to the operation of that 
machine and computer-processing and display related to the operation of that machine. 
The amended claims are directed to statutory subject matter and meet the standards for 
patent-eligible subject matter of In re Bilski, 545 F.3d 943 (Fed. Cir. 2008). As clarified 
hereby, the claims recite operating MR! apparatus, obtaining MRI signals by operating 
the apparatus, computer-processing so-obtained signals, and displaying results of such 
computer-processing. The MRI signals inherently are physical signals and represent a 
physical and tangible object, and their transformation is central to the claimed subject 
matter. 

Dependent claims 3 and 4 have been amended to clarify the processing to which 
they are directed. 

This paper should be considered to be a petition for extension of time, and the 
Patent Office is hereby authorized to charge the extension fee at the small entity rate, as 
well as a any other required fees, and to credit any overpayment, to our Deposit Account 
No. 03-3125. 

if a telephone interview could advance the prosecution of this application, the 
Examiner is respectfully requested to call the undersigned attorney. 
Allowance of this application is respectfully requested. 



Respectfully submitted, 



Date: April 16. 2009 




Ivan S. Kavrukov, Reg. No. 25,161 

Attorney for Applicant 

Cooper & Dunham LLP 

30 Rockefeller Plaza, 20 th Floor 

New York, New York 10112 

Tel.: (212) 278-0400 
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MRI Detection and Staging of Parkinson's Disease 
and Detection of Progressive Supranuclear Palsy 

Reference to Related Application 

This present application claims the benefit of provisional Application Serial No. 
60/250,301 , filed on November 30, 2000, and hereby incorporates by reference herein the 
provisional application and its appendices. 

Field 

This patent specification is in the field of magnetic resonance imaging (MRI) and more 
specifically relates to obtaining and processing MRI signals to identify and stage conditions such 
as Parkinson's disease. 

Background 

Parkinson's disease is a progressive neurodegenerative condition that is difficult to detect 
in its early stages. Because of the human and socioeconomic cost of the disease, it is believed 
that the earliest detection, even when the disease is presymptomatic, is desirable. Further, it is 
believed that it would be desirable to develop an objective radiologic measure to stage the 
disease and to assess effect of interventions in both asymptomatic and symptomatic patients. 

This patent specification incorporates by reference the following articles: (1) 
Hutchinson M, Ra f f U, Parkinson's disease: a novel MRI method for determining structural 
changes in the substantia nigra. J Neuro l Neurosurg Psychiatry December 1999: 67:815-818: and 
(2) Hutchinson M, Raff U, Structural Ch an ges of the Substantia Nigra in Parkinson's Disease as 
Revealed by MR Imaging, AJNR Am J Neuroradiol 21:697-701, April 2000. 

Summary 
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In preferred embodiments, two MRI images of different characteristics are obtained for 
each of a plurality of MRI slices of brain tissue. The images for each slice are combined to 
enhance a characteristic of interest as compared with the information in either starting image. 
The combined information is further processed to compute numerical measures indicative of the 
presence and or staging of a disease. 

In one preferred embodiment, the numerical measures are indicative of the presence 
and/or staging of Parkinson's disease. In another, they are indicative of Progressive 
Supranuclear Palsy. 

The two starting images for an MRI slice can be two images that include the substantia 
nigra pars compacta (SNc)-a grey matter suppressed (GMS) MRI image and a white matter 
suppressed (WMS) image. A ratio of the two images produces a ratio image. A ratio of two 
regions of interest (ROI), one from the medial segment and one from the lateral segment of the 
SNc for each slice, and combining the measures for two or more slices, gives numerical values 
indicative of the presence and/or staging of Parkinson's disease and the presence of Progressive 
Supranuclear Palsy. 

The preferred pulse sequences for obtaining the GMS and WMS signals are inversion- 
recovery sequences. Preferably, the WMS and GMS images, and/or the ratio images, are 
displayed in pseudocolor for more convenient visual delineation of the SNc. Preferably, an 
automatic segmentation is used to outline the SNc. 

Brief Description of the Drawing 

Fig. 1 illustrates grey matter suppressed (GMS) and white matter suppressed (WMS) 
MRI images that include the substantial nigra pars compacta (SNc) and corresponds to Fig. 2 in 
article (2) cited below. 

Fig. 2 illustrates ratio images of SNc after automated segmentation of the WMS images 
of the cerebral peduncle. 

Fig. 3 illustrates imaging of the SNc in Progressive Supranuclear Palsy (PSP). 

2 
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Fig. 4 is a copy of Fig. A in article (1) cited above wt-this-sp ecificatio ft. The Upper row 
shows upper and lower ratio images of a norma! object. Note that the substania nigra pars 
compacta (SNc) reaches the edge of the peduncle in the upper slice and becomes smaller in the 
lower slice. The substania nigra pars reticulata (SNR) is also seen in the upper slice, extending 
into the corticospinal tracts anteriorly. The colour bar shows the psuedocolour used for display 
and ranges from 0 to 225 (bottom to top). The ratio image of an early case shows, in the upper 
slice, thinning and loss of signal in the lateral part of the SNc. Note that the lower slice shows 
islands of destruction. The ratio images of an advanced stage show considerable signal loss in 
the SNc in both upper and lower slices. In addition, the SNc is essentially reduced to two rings 
of preservation in the lower slice. 

Fig. 5 is a copy of Fig. B in article (1) cited above in this spec ificatio n . The graph is a 
plot of DU and PL , defined in article (1) as a distance from a centroid of control subjects for the 
upper sl ices and low er slices, respectively (see-tert)-4o r patients and c entrefe. Note that the 
controls (green dots) cluster at the origin and that the patients (red dots) are distributed along a 
diagonal path in correspondence with Hoehn and Yahr Disease stage (indicated by Roman 
numeral next to each dot). 

Fig. 6 is a copy of Fig. 1 in article (2) cited above m-this- specification . Upp e r row s The 
upper row displays an example of axial WMS and GMS MR acquisition images of the 
mesencephalon in a control participant. The cerebral peduncle (second row, left) extracted from 
the WMS midbrain image serves as a template to extract the GMS image of the cerebral the 
cerebral peduncle shown on the right. The SNc is seen as bright arch in the peduncular WMS 
image, whereas it appears as a dark band in the corresponding GMS image. Note also the 
substantia nigra pars reticula (SNR) reaching across the cms cerebi toward the SNc. The raio 
image (WMS/GMS) of the two images in the second row yields the color-coded ratio image 
displayed on the bottom. All black and white images are shown using a standard display of 256 
gray levels. The color image uses a 256-pseudocolour lookup table. 
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Fig. 7 is a copy of Fig. 3 in article (2) cited above w^hi^peeifieatioB. Radiologic indices 
are displayed for the six control participants and the six patients with Parkinson's disease. The 
Therejs no overlap between the groups, which are distinct by Student's t Test (P < .00005). The 
error bars represent one SD. 

Fig. 8 is a copy of Fig. 4 in article (2) cited above in t h is sp eci fication . Unified 
Parkinson's Disease Rating Scale scores for the six patients ranging from 12 to 71 are plotted 
versus radio-logic indices. A linear regression analysis was conducted, yielding a linear 
correlation coefficient of r = 0.99. 



Detailed Description 

As described in the two articles cited above below and hereby incorporated by reference 

Parkinson's disease using MRI has been a long-sough goal~(4> Hutchin son M, Raff -Ur 

nigra. J N ewel- Neurosurg Psychiatry December 1999; 67:815 SIS; and (2) Hutchinson M, Raff 
Q Stmctura T-Ghan ges of the - Substantia - Nigra in Parkin s on ' s Disease as Revealed by — MR 



In preferred embodiments described herein and in the two articles, this goal is met by 
using imaging that enhances changes in a brain area that are believed to be indicative of 
Parkinson's disease. Using a combination of two MRI imaging inversion-recovery sequences, the 
substantia nigra is imaged and a radiologic index is derived and used to quantify changes in a 
manner enabling detection even in asymptomatic patients and also enabling objective staging of 
the disease. Structural changes in the substantia nigra, mainly in the pars compacta (SNc), are 
highlighted using the preferred MRI signals and processing, and numerical scored are derived to 
indicate the presence and/or staging of the disease. 

In a first method, described in detail in article (1), which is cited above and incorporated 
by reference herein ^ - reproduced below in th i s Detail ed D e scripti o n, a white matter suppressed 
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(WMS) image and a grey matter suppressed (GMS) images are obtained, using MRI inversion- 
recovery pulse sequences with the parameters stated in article (1) for the indicated MRI scanner, 
or using other sequences or parameters or MRI scanners that produce WMS and GMS MRI 
images differing from each other in a manner allowing for processing that highlights changes in 
the SNc associated with Parkinson's disease. As described in article (1), it has been found that 
the GMS signal tends to increase in SNc areas affected by the disease while the WMS signal 
tends to decrease in the same areas. A ratio image of the WMS to GMA MRI images of an MRI 
slice s clice tends to have an increased sensitivity to changes in the substantia nigra due to 
Parkinson's disease than either of the GMS and WMS images alone. A numerical measure can be 
obtained, for example by taking a ratio of a medial4o-lateral regions of interest (ROI) in the 
substantia nigra imaged in each MRI slice. Each ROI can be about 200 pixels in size, although 
different sizes can be used, and this can also depend on the pixel resolution of the image. If the 
substantia nigra is imaged in two slices, an upper slice and a lower slice, a total of four ROI are 
defined. A ratio RU is computed of the pixel values of the lateral to the medial ROI in the upper 
slice, and a similar ration RL is computed for the lower slice. The resulting ratio values are 
further processed as described in article (1) to obtain a pair of numerical measures DU and DL. 
In a plot of the type illustrated in Fig. 4 of this a pplication, wh ich is the a copy of FIG. A of 
article (1), the numerical measures DU and DL give points that at in a cluster for Parkinson's 
disease patients that is well spaced from a cluster for patients without the disease, and also are at 
different positions for different stages of the disease, thus enabling detection and staging of the 
disease. 

For TR much greater than TE, the ratio image depends only or mainly on Tl, so the 
signal values of the ratio image can be recast in the form of a Tl map. This Is so because for IR 
pulse sequences the pixel value P(x,y) at a pixel position (x,y) can be expressed as the value of 
Tl at the same position (x,y), thus creating a Tl map. Such a Tl map can be similarly analyzed 
to compute similar numerical measures that highlight the presence and staging of Parkinson's 
disease. 

5 



SN 09/997,894 Atty Dkt. 0922/63690 

Michael Hutchinson Markup of substitute specification 

Filed November 30, 2001 

In another embodiment, described in detail in article (2), which is cited above and 
incor porated by re fer ence here in FepreAjeed-betow4tHkts -Detailed Descrip tion, WMS and GMA 
MR1 signals are similarly obtained but are processed differently, to compute a numerical 
radiologic index or score Rl that is similarly useful for both detecting and staging Parkinson's 
disease, as illustrated at FIGS. 3 and 4 of article (2). 

fig- 1 of this patent specification corresponds to Fig. 2 in article (2) and illustrates an 
example of ratio images of the cerebral peduncle displayed in pseudocolors to show morphologic 
characteristics of the SNc in two control participants (1 and C2) in a study. The enhanced 
visualization of changes due to Parkinson's disease can be seen in the lower four images (PI and 
P2) 

Fig. 2 illustrates the results of automated segmentation of the ratio images to isolate the 
SNc. The segmentation can be carried out with commercially available segmentation software, 
using pixel values and other parameters that can be experimentally determined for images from a 
specific MR1 scanner. 

FIG. 3 illustrates that the WMS and GMS images discussed above and in articles (1) and 
(2) can be used to provide indications of Progressive Supranuclear Palsy (PSP). As explained in 
the caption of the figure, the changes that are visualized allow distinguishing between the two 
forms of parkinsonism radiographically. 

Fig. 4 in th is patent s pecifica tion is a copy of Fie, A in article (O cited above. The Upper 
row_shows u pper and lowe r ratio i mages of a normal object. The substania nigra pars compacta 
fSNc) reaches the edge of the pe duncle in the upper slice and becomes smaller in the lower slice. 
The substania nigr a pars reticulat a (SNR) is also seen in the upper slice, extending into the 
corticos pinal tra cts anteriorly. The colour bar shows the psuedocolour used for display and 
ran ges from 0 to 2 25 (bottom to top). The ratio image of an early case shows, in the upper slice- 
thinning and loss of signal in the lateral part of the SNc. The lower slice shows islands of 
deslTuc tigji,,^ ^. mtio images of a n advanced stage show considerable signal loss in the SNc in 
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both u pper a nd lower slices . In addi tio n, the SNc is essentially reduced to two rings of 
preservation i n the lower slice. 

fig. 5 in l his patent specification is a copy of Fig. B in article (1) cited above. The graph 
is a plot of 1)1 ' and P L, defined in article ( 1 ) as a d istance from a centroid of control subjects for 
the upper slices and lower s lices, respectively. As stated in article (1), left column in page 817, 
for each subject the ra tio R of late ral to medial values wa s defined, both for the upper slice (RU) 
and for the lo wer slice ( RL). These v alues were divide d into a ratio for the left SNc, denoted by 
subscript "V . and the right SNc, denoted by subscript "r". Therefore, each subject in the study 
was represented by two pairs of values (RU , and RU r ) and (RL i and RU), the first pair 
re presenting the up per slice and the second the lower. The centroid (the mean value of the ratio) 
of these value s for nor mal subjects was defined as RU_and_RL , These values were also 
defined for both left and right SNc . For each subject (both patients and normal controls) the 
distance from thii> centroid was d efined as the pair of values (DU, PL), where 

DU = {(RU, - RU~) 2 + (RU r - 'iUT r ) 2 } 1/2 and 

Dl = - R%) 2 + (RL r - Ri;)2)U2 

The controls (green d ots) cluste r at the origin and that the patients (red dots) are 
distributed along a dia gonal p ath in c orrespondence with Hoehn and Yahr Pisease stage 
(indicated by Roman numer a l next to each dot). 

I it'. 6 in this patent s pecification is a copy of Fig. 1 in article (2) cited above. The upper 
row displays an e xample of ax ial WMS a nd QMS MR acquisition images of the mesencephalon 
in a control participant. The cerebral peduncle (second row, left) extracted from the WMS 
midbrain im age serves as a templ ate to extract the QMS image of the cerebral the cerebral 
peduncle s hown on the ri ght. The SNc is seen as bright arch in the peduncular WMS image, 
whereas it appears as a dark ban d in the corresponding GMS image. The substantia nigra pars 
reticula (SNR) reac hing across the cr us cerebi toward the SNc. The raio image (WMS/GMS) of 
the two images in the second row yields the color-coded ratio image displayed on the bottom. 
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All black and whi te images are shown using a standard dis play of 256 gray levels. The color 
image us es a 256-ps eudocolour l ookup table. 

jjig/7Jn this pate nt specifica ti on is a co p y of Fig. 3 in a rticle (2) cited ab ove. Radiologic 
indices are displa yed for the six control participants and the six patie nts with Parkinson's 
disease. There is no overlap be tween the groups, which are distinct by Student's t Test (P < 
.00005 ). The error b ars represent one SD. 

Fig. 8 in this patent spe cification is a copy of Fig. 4 in article (2) cited above. Unified 
Parkinson's D isease Rati ng Scale s c ores for the six patients ranging from 12 to 71 are plotted 

versus radio-logic indices. A linear r egression analysis was conducted, yielding a linear 

correlati on co effic ie nt of r 0.99. 

While specific examples of embodiments are described in detail above and in the two 
articles incorporated by reference, it will be clear to those skilled in the relevant technology that 
alternative implementations are within the scope of the disclosure of the appended claims. 



A^4tefeH^)-^ted-itb ove, is reproduc ed-h elew. Fig. 1 -ef -the article is added to th is 
satiofl-as-F-i g, 6. Fig. 2 of the -a rtiele-al fe ady appears in - thi s specifi eatie n as Fig. K - -F4 gSr4 
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Structural Changes of the Substantia Nigra in 
Parkinson's Disease as Revealed by MR Imagin 
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B.ACKCKOVHD AND rUUWSE: The possibility tf wing MR imaging m a i 
of the structural changes in Fsrkimoo'i disease has beta • tag-soughl pulffft describe ■ 
new method FJ>r inaiiag and i) (notifying the swrplwlogk changes of the HjSstaBii* nigra in 
Partlosea's distiue and compare radiologic Mings with dhdeaf evahwtir-- 

METHOOS- Usbm • combination of two MB imaging Ismnio^-recortry psbc sequences, 
the substantia nltnTwiu imaged in ri) patient* »Wl FarUum's dheine and lb age-niated 
coaurni partkipaist*. ^radiologic index «■ aV toc d and u*d W MMtify dw signal changes 
thai were observed ■> ifo patients. The ndhfcffc hula w«ra mjpmtf with clinical scores 
obtained frool like Unified PsrkJnsoB's Disease Rating Sad*. 

KESVtIS: Tt» images shoW Ion of signal ki a lahnri-WwdH gradient hi met of Par. 
khssm's distal*. corrcspot«lin|> the known neeropatbofligH' pal Km of degeneration. Tha 
rualolafjc irate* was highly comllted who the tlnilted P»fiinsoe,'i Disease K«lin( State score, 
ind there ma na •»rrtap to radiologic indices betweeje/lht patient and Ita! control group! CP 
•- .60605). \ / 

CONCLUSION: Thai awtj suggest! «M MR iWaging is sensitive ta stnKtural change* In 
(Ten the car Ik* easel of Pari bison's dbeAst, hereby Indicating the potential for detecting 
piwympttanatte disease. Furtbrmwrt, a red|j|oglc measure tun been deSn*d thai correlates 
with the conventional clinical wejoen of dli 
lt> be a sensitive biological Marker for abb 



verity. Therefore, Mil imaging could jirore 
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Parkinson's disease n a common, pnjgri 
rodescneraave mhxbooci involving mainly the de- 
generation of neuioni in the subslaniiS' nigra pan 
tompacia (Sl<c». Appnwjmeteiy iOTMo 20* of ail 
case* may be familial and tBhentedfi an autosomal 
dominant paiiem with incomplete penetrance (I). 
There is general consensus that at the onset of 
symptoms, the majority ofnejsfoiMi in the SN C have 
degescratcd. Although surx&a! and medical inter- 
ventions cm alleviate &i symptoms for many 
yean, they probably thvftot alter l he rate of degen- 
eration. NcYcrtheiesVfHItaUve neuroprotective in* 
terveiitioiu aimed sr slowing or even hailing dis- 
ease progression sre Currently under inve^igattoo 
1 2, 3) Thcrefow; considenng Ac enormous human 
and tocioeconiHnH: costs of Parkinson's disease, the 
earliest detection, and even the detection of 
syrapronisuc distssc, it highly dcnrable. FardW- 

ftecernd ianr Ift IW, xcepurf Mownter M 
F-.im fkr Depamnna at Nr»roto(y IM H . U R j and Ri- 
dldiou iM H ). N«» York Lavcnny School of Medicine 
■'r» YnLNV 

Adn>efi tetviat reoacsu to Midwe) Huli hmMW, MD. pfej?. 
OrytnaxM of NoaitotJ, New York L'mnrwty School of 
MeAcne. iX Rnl AwMe, New Yort NY Wis 

Q Amerieaa Socltay of NcurOradioloay 



more, to objective radtorogK measure would be of 
value ftftVuscwag the effects of such inlervemiotrf 
in both »sympiom«ic and sympiomaiic paueou. 

anucal staging is the prcicni sundard of refer- 
ence for fotlo«ang disease pTot^resnoB. The most 
comprehensive and widely used scale u the Unified 
Parkinson's Diseafc Rating Scale (4). Despite its 
strengths, however, the scale has a number of dts- 
nncl limitations. Patients htm )yrflptonu that Btie- 
uiaie from day to day. aid there may be consider- 
able lnterobscrver vanabiljiy. These sources of 
error alone require that clmiCsJ trials of drug efBv 
cacy must include a large nutate of paracipuus. 
Also, by definition, the scale renders one incapable 
of delecting presymptomatic disease. 

At the present time, the most sensitive imaging 
techniques fa the detection of Ptrlunsoa's disease 
*re pnsilron emission tomography < J-H) add single. 
PhtXoo emission CT (9-11) Both lechnique^ roea- 
sure striatal changes, but not changes m the^N c 
itself Positron emission iconography tridiucruuijy 
measures the uptake of dopa m the striatum, WhereX 
is single-photon emission CT uses a tracer, 0-CTt \ 
which is a label for dopamine transporters. Both 
techm<)ues are sensitive to disease stage in symp- 
tomatic patients and hold (he promise for revealing 
ptesymptonuuc disease. They art. however, rela- 
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lively costly and not widely available Moreover, 
botrAechruques require that a patient be off med- 
ication for at least 12 hours before the study This 
can be uncomfortable for a patient with advanced 
symptoms^ and is potentially dangerous 

On the other hand, MR imaging is a simple and 
relatively inexpensive technique that is widely 
available. Its use in this context has therefore been 
a highly desirable; but elusive goal. Various efforts 
have been made to show nigral changes by using 
MR imaging. These jfali essentially into two cate- 
gories. The first category is based on the changes 
m T2 and T2* signal associated with the increased 
iron deposition m the SN C occurring m cases of 
Parkinson's disease {12»f4) Iron is deposited in 
the SN C in normal aging, however, and this may 
create difficulties in separating patients from con- 
trol participants In particular, in a large study, 
changes in T2-weighted imagingXfindings did not 
correlate either with disease duration or with clin- 
ical seventy (14) The second category involves 
measurement of the width of the SNc ,(15-17) by 
using T2-weighted images Although thinning of 
this structure does occur tn cases of Parkinson's 
disease, the nucleus is only a few millimeter^ wide 
and takes on an irregular appearance as the disease 
progresses. This makes the width difficult to define 
with precision \ 

We have recently developed a different MR im-\ 
aging approach for evaluating the SN C . which uses \ 
a combination of two pulse sequences, each of the/ 
inversion-recovery types, which are therefore heavily 
Tl -weighted. This approach was based on the hy- 
pothesis that Tl -weighted imaging depends nuanly 
on the intracellular space and that such sequences 
ought to be sensitive to the changes m intracellular 
volume occurring with cell death. / 

One sequence was specifically designed to sup- 
press peduncular white matter and the^ther to sup- 
press nigral gray matter. These image types are 
white matter-suppressed (W'MS) and gray matter- 
suppressed (GMS) A combination of these pulse 
sequences showed structural changes in the sub- 
stantia nigra in even the earliest cases of sympto- 
matic disease. 



Methods 

/ Patients 

/ 

Six patients in various stages of the disease (Unified Par- 
kinson's Disease jKsting Scale scores, 12-71, age range, 
38-70 years, mean age, 58 years) and six age matched, 
healthy control/participants (age range, 37-72 years, mean 
age, 56 yean/underwent imaging Informed consent was ob- 
tained fronypatients before imaging was performed AH pa- 
tients wets taking then usual anti-Parkinson's disease medi- 
cation jd the time of the imaging None of the control 
participants had any known relatives with Parkinson's disease, 
and M were examined and questioned by an experienced neu- 
rologist to rule out signs and symptoms suggestive of early 
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MR Imagmg / < 

Imaging was performed using a Siemens I 5-T Vision sys- j 
tern To avoid head motion artifacts due to respiration, ail pa- i 
i lent s and participants were immobilized in flexion-extension! 
of the neck by means of a chin strap 

Imaging of the 5N C was performed using )wu distinct m- j 
version recovery sequences The first of these was designed lo j 
suppress nigral gray matter, whereas the second was designed [ 
to suppress the white matter of the crus cerebri As previously 
hypothesized, for patients, the GMS images showed large van- j 
ations in signal intensity within the SJn c These signal changes { 
were particularly pronounced at thr. anterior ami lateral edges. [ 
making the boundaries of this structure difficult to define in j 
patients with advanced disease /On the other hand, signal van- 1 
ation in the WMS images was less than but in a direction j 
opposite that of the GMS images In WMS images, the edges j 
of the SN C we « distinct, iven in patients with advanced dis- : 
ease Therefore, by taking the ratio of the two images (WMS/ | 
GMS}, not only is contrast improved (because the signal j 
changes are additive}' but the borders of the SN C are defined, 
even in advanced irases For each pixel in the ratio image, a 
signal intensity ratio is defined as its value in the WMS image 
divided by its value in the GMS image 

WMS images were obtained with an inversion-recovery 
(modulus) palse sequence of 1450/20 (TR/TE) with an inver- 
sion time of 250 ms GMS images were obtained with a similar 
mversioB-recovery sequence but with parameters of 2000/20 j 
and an/inversion time of 420 ms The field of view was 200 j 
mm, arid the image matrix was 256 X 256 The number of j 
acquisitions was two The section thickness was 3 mm with a I 
gsp of 0 2 mm Four axial sections were obtained in each case, j 
/With sections selected from a sagittal scout image of the brain j 
/ stem Sections were chosen to be perpendicular to the longi- j 
tudmal axis of the mesencephalon The lowest section was j 
■ x taken just at the level of the most rostral pan of the pons j 
\LFsing the WMS image, it was ascertained that the SNc was j 
visible in each of the four sections By selecting the middle j 
tws) sections for analysis, we ensured that there was no con- ! 
lamination by volume averaging | 



Data Analysts 

\ 

The WMS and GMS axial images were used to extract the 
mesencephalic peduncular structures Figure I shows the orig- 
inal WMS and SMS images obtained through the midbrain in 
a control participant A manual region-of-interest technique ap- 
plied to the WMS images was used to extract simultaneously 
the cerebral peduncle m WMS and GMS images from adjacent 
structures (Fig I, secoha' row) Note the improved contrast in 
the cerebral peduncle is because signal intensities in the WMS 
image are redisplayed m 256 gray levels whereas, on the con- 
trary, the corticospinal tracts, correspond to high intensities in 
the GMS image The ratio imige (WMS/GMS) of the cerebral 
peduncle was then computed ami displayed in color by using 
a 256-pseudocolor lookup table \ 

To obtain a numerical value for ifee degree of signal change 
in the SN C , we took advantage of the known geometric vari- 
ation in the degeneration of this nucleus (ic, from lateral to 
medial) (IS) All analyses were conducted on the middle two 
sections of the ratio images by an observer blinded to whether 
the image was of a patient or a control participant All images 
were identified to this observer only as a mimfeer Regions of 
interest (approximately 200 pixels each) were placed on the 
lateral and medial segments of the SN C For each patient and 
participant in the study, this rauo was computed for both nght 
and left sides of each of the two sections and the lateral and 
medial sections of the SN C The mean pixel value witfuj; each 
region of interest was then used to define the rauo of pixel 
values in all four values averaged together to give R AV As 

JEJ!4!SCfK3Ljtou&JBa«Ul^ 
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Fig 1 Upper row displays an example ot axial WMS and GMS MR acquisition images of the mesencephalon in a control participant 
The cerebral peduncle {second row, letf) extracted from the WlyiS midbrain image serves as a template to extract the GMS image of 
the cerebral peduncle shown on the right The SN r is seen as aXtmght arch rn the peduncular WMS image, whereas it appears as a 
dark band in the corresponding GMS image Note also the substantia nigra pars reticulala (SW W ) reaching across the crus cerebri toward 
the SN C The ratio image (WMS/GMS) of the two images in the sdcohd rcwyields the cofor-coded ratio image displayed on the bottom 
All black and white images are shown using a standard display oi 2S6 gray levels The color image uses a 256-pseudocotor lookup 
table /' \ 

Fig 2 Ratio images of Ihe cerebral peduncle displayed in .pseudocolors srtpw the morphologic characteristics of the SN C in two control 
participants (Cl and C2) and the structural changes in tj^o patients with Parkinson's disease (P1 and P2) The substantia nigra pars 
reticulata (SN a ) is indicated for participant C1 Notice that the SN C in controrparticipants reaches out toward the peduncular edge in 
the upper section, lakmg on the form of an arch In tfja" images of patient P1 , wfyo has Parkinson's disease, thinning and loss of signal 
can be seen in the lateral segment of the SN C in the upper section The lower section shows islands of cell loss on both sides ot the 
SN(- Note the considerable thinning and loss of signal in both upper and lower sections ol the images of patient P2. who has late-stage 
Parkinson's disease Lett and right sides show two nma ot preserved signal \ 



£. 



lo one, whereas the patients had a wide/fange of values A 
radiologic index was then defined as tojtows 

Rl = 100 ( t — / AV > 



Results 

Because the eye is/more sensitive to coJor than 
to gray scale, rendering the images in pseudocolor 
enhances the structural changes (Fig 2). This is 
achieved using a/256-level "rainbow" color table, 
as shown at th^ side of Figure 2. Figure 2 shows 
the SN C of t^o control participants (Cl and C2) 
and two patients (PI and P2). Note the presence of 
the substantia nigra pars reticulata in all cases 
reaching/ from the posterior SN C across the crus 
cerebri/toward the edge of the cerebral peduncle. 
The patient with early-stage Parkinson's disease 
(PI/ shows lateral thinning and toss of signal in the 
SK C . The tower section of the same patient shows 



islands of signal, loss. Similar areas of signal loss 
were observed inNfhe SN C of all patients. The last 
row displays upperNand lower sections for a patient 
with advanced-stage Parkinson's disease (P2). Note 
particularly the considerable signal loss and thin- 
ning of the SN C in the ri^edial segments of the up- 
per section. The lower section shows severe thin- 
ning as well as two rims "of relatively preserved 
signal. 

Two observers evaluated the, data. An experi- 
enced neurologist, blinded to tlte computation of 
the radiologic index, scored each patient by using 
the Unified Parkinson's Disease Racing Scale (2). 
The second observer, blinded to the identity of each 
participant, evaluated the radiologic indices for all 
participants. No interobserver reliability assessment 
was performed. Figure 3 shows that there is no 
overlap between patients and control participants 
and that the two groups are distinct {P < .00^)5, 
Student's t test). Figure 4 shows □ high correlatfon 
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Fig 3. Radiologic indices are displayed 
\tar the six control participants and the six 
[Salients with Parkinson's disease. There is 
no overlap between the groups, which are 
distinct by Student's I test (P < 00005} 
The ettpr bars represent one SD 
Fig 4. Unified Parkinson's Disease Rat- 
ing Scale scores tor the six patients rang- 
ing from 12 (a 71 are plotted versus radio- 
logic indices. \ linear regression analysis 
was conducied,\yiek)ing a linear correla- 
tion coefficient of f - 0 99. 
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between radiologic index and Unified Parkinson's 
Disease Rating Scale score in the patient "group (r 
» 0.99). \ 



Discussion \^ 
The neuroimagmg of the substantia nigra in Par/ " 
kinson's disease by conventional MR imaging tec.fi- 
niques has been a desirable but elusive goal. 
Potential benefits include the detection of presymp- 
tomatic disease as well as the staging of ..disease. 
Detection of presymptomatic disease, especially in 
the inherited disorder, would allow the/ariy intro- 
duction of neuroprotective treatments/in those de- 
termined to be at risk. Furthermore, the potential 
for staging the disease might allo^w assessment of 
neuroprotective interventions in both presympto- 
matic and symptomatic patienfs (19). Techniques 
of this kind may also serve/to differentiate idio- 
pathic Parkinson's disease, from other forms of 
parkinsonism. / 

Visual inspection of tfce images confirms that the 
SN C degenerates fron> lateral to medial and in an 
anterior-to-posterior .direction. In addition, we note 
that in ail six patients, there were zones of signal 
loss surrounded by rings of relative preservation in 
the lower section. These were not seen in any of 
the control participants. The significance of this 
particular pattern has yet to be ascertained and cor- 
roborated with neuropathologic findings. The sharp 
delineation of these structures, however, shows that 
the overall changes observed in the patient group 
we^ not the result of motion artifact. Artifacts of 
this kind tend to blur and degrade small structural 
/hanges. 

' The distinct separation of the patient from the 
control group in Figure 3 suggests the possibility 

i: 



/ 



spite/the relatively small number of participants in 
thij/ study, the two groups were distinct at a high 
level of significance, P < .00005). Figure 4 sug- 
gests the possibility of staging disease progression 
/ with a radiologic index. The correlation between 
the Unified Parkinson's Disease Rating Scale score 
and the radiologic index is encouraging, although 
\ surprisingly high and probably somewhat fortui- 
tous. As with any clinical scoring system, the Uni- 
fied Parkinson's Disease Rating Scale values might 
fluctuate because of the performance of the patient, 
which can vary from day to day. An imaging tech- 
nique capable of revealing the severity of the dis- 
ease has several merits; among other things, it is 
independent of the physical condition of the patient 
and of the drugs used to control the symptoms. 



Conclusion 

A combination oif\r.wo inversion-recovery se- 
quences has been use& to image in vivo the SN C 
in healthy participants and in patients with Parkin- 
son's disease. Lateral-to-msdial neurodegeneration 
was confirmed visually in all six patients and al- 
lowed for definition of a simply radiologic index to 
score the severity of the disease. The radiologic 
index was found to be highly sensitive to even the 
earliest stages of disease and correlated strongly 
with the standardized clinical (Unified, Parkinson's 
Disease Rating Scale) score in symptomatic pa- 
tients. This suggests that MR imaging may not only 
have the potential for detecting presymjHpmatic 
disease but might also be used as a sensitive bio- 
logical marker for disease progression in both "pre- 
symptomatic and symptomatic patients. Such\a 
marker could prove invaluable in the assessment of\ 
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! needetH^ refine the technique, in particular the use 
of faster pulse sequences and thinner sections. 
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Abstract 

Objectives — To use MRI in a novel way to 
image and quantify the changes occurring 
in the substantia nigra in Parkinson's dis- 
ease. \ 

Methods — Sbt patients with idiopathic 
Parkinson's distasc were compared with 
six age matched control subjects. The 
subjects were imaged using a combination 
of puise sequences hypothesised to be sen/ 
silive to cell loss. \ / 
Results — The images Showed patterns* of 
change in patients with Parkinson'? dis- 
ease. Highly significant differences be- 
tween the patients and control population 
were found (p<0,001). \ / 

Conclusions — This methodology suggests 
the possibility of detecting pr>;sympto- 
matic disease in those judged to bfe at risk, 
and also in confirming tfte diagnosis in 
patients with early disease. Furthermore, 
the technique seems to hold promise ffis a 
means for staging the disease, and possi- 
bly differentiating owier forms of parking 
sonism. / 

(J Neuroi Namiturg Piyihiairy 1999,67 815-81 S) 

Keywords Parkinson's disease, substantia nigra, mag- 
netic resonance imaging 

/ 

/ 

Parkinson^ disease involves the degeneration 
of neurons in the substantia nigra {mainly in 
the pa/s compacts) Abom 5% to 10% of all 
cases/may be familial and inherited in an auto- 
sorr.al dominant pattern 1 In the era of 
potential neuroprotective therapies for this dis- 
order, the earliest diagnosis and perhaps even 
/ the detection of presymptomatic disease is 
highly desirable Moreover, a simple non- 
invasive method for staging the disease is of 
importance in evaluating the results of neuro- 
protective interventions 

The possibility of detecting structural 
changes in die substantia nigra pars cornpacia 
(SN C ) using conventional MRI has the 
advantage of a simple and readily available, 
relatively inexpensive modality for diagnosing 
and studying the disease Several previous 
publications have employed various MRI 
strategies to demonstrate nigral changes using 
MRI These fall essentially into two categories 



The first myohes using pulse sequences sensi- 
tive to the increased iron deposition in the 
substantia nigra that is seen in Parkinson's 
diseasf' * Iron is deposited in the nigra in nor- 
mal aging, however, which mav create difficul- 
ties/ in separating patients from controls, 
particularly in the elderly population 1 The 
Second approach involves measurement of the 
/ width of the pars compacts of the substantia 
nigra' " using T2 weighted images Although 
thinning of this structure docs occur in 
Parkinson's disease, there may be considerable 
variation of the thickness of this structure in 
patients and even in normal subiects Moreo- 
ver, the width itself may be difficult to define 
with precision 

At the present time, the most sensitive imag- 
ing techniques for che detection of Parkinson's 
disease are positron emission tomography 
(PET)" " and single photon emission computed 
tomography (SPECT) 13 Both techniques 
measure changes in the striatum but not m the 
substantia nigra itself PET has traditionally 
used a label of striatal uptake of DOPA, whereas 
X SPECT utilises a tracer (P-CIT), which is a 
Habel for dopamine transporters in the striatum 
\We present here a novel MRI technique for 
imaging the structural changes in the substan- 
tia nigra itself, using a combination of two 
pulse Sequences, and taking advantage of the 
known geometric variation m the degeneration 
of this nufejeus (from lateral to medial and ros- 
tral to caudal) " The sequences are both of the 
inversion recovery type, one designed to 
suppress white matter and the other to 
suppress grey matter By combining these pulse 
sequences we have been able to demonstrate 
changes in the substantia nigra in even the ear- 
liest cases of symptomatic disease, demonstrat- 
ing thai these cases are\uite distinct from nor- 
mal subjects This suggests the possibility of 
detecting presymptomaticX disease Further- 
more, our results also suggest the possibility of 
staging the disease \ 

Patients and methods V 

SUBJECTS \ 

Six patients in various stages of the\disease 
(Hoehn and Yahr stages I to III, ages 3cKto 70, 
mean age 58) were scanned All patients were 
taking their usual annParkmson medication, at 
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Upper Slice Early Case 



Lower Slice Early Case 



SNc showing loss of 
signal laterally 
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decreased 
signal 




Lower' slice Late Case 
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Ring of relative 
preservation 
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f,IU Tl\e uppei io-o ihmtis^ppei and lowei tatio miagds of a iioniml utbject Note tliat the substantia mgia pars Lompacta fSNJ leifches the edge of the 
piflimcle in ihe upper slice' and become: smattet \u the latin slu.e The substantia mgia pais miuilata (Sh J u also sect », the upper stye, e\tei\dmg mto 
iks corticospinal tracts fmenoih The Lolour bai slunvs the pseudocolom used for display and wages ftom 0 to 255 (bottom to lop) Tin \quo image of ait 
Urfy cast shows, ui tlti tippe, slue, ifimumg and loss of signal m the tateial pai t of the SN, Note that the lowei slice shows islands of destruction Jlie lauo 
images of an advan&d stage show cousidei able signal loss in the SN { fir both upper and kvxi slices In addition, the SN r is essentially ledubed to roo rwgs 
ofpiestnvauon in Ae tmter slice (B) Tlte giaph is a plot of DU and DL (seeu\l)fo> patients and L onuols Note that the coimois (gieen dots} cluster at 
tlte ongm and il)bt the panenu (red dots) aie dtsti ihned along a diagonal path m coi respondent tatth Hoehu and Yahr disease stage (indtcatia[ by a 



Roman uumei^t next to each dot) 
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the time of the scan Six normal subjects (ages son's disease, and all were examined and qbes- 
37 to 72, mean age 56) were also scanned using troned by an experienced neurologist to rule 

rbi'-'iftfiw twist* 'wc.x-.emro^ 'NJf.rvi- of-:k«»- r»»rstr«l nsif <:iim« *n,-i ;v.>v->tnn-vr •cinior.cj. !i- 
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igTHODS 

I Stunning was performed using a Siemens 1 5 
!T Y lslon system To avoid head motion 
| artefacts, alt subjects were immobilised using a 
dunsufp, which had proved invaluable in a 
prior functional MRI studv," where head 
| immobilisation was perhaps even more crucul 
|\\ hue matter suppressed (WMS) images were 
[obtained wkh the following pulse sequence 
{inversion recovery (modulus), T£=20 ms, 
Tl-250 ms, atjd TR= 1450 ms Grey matter 
[suppressed (GivlS) images were obtained with 
la similar inversion recovery sequence but with 
(the following parameters, TE=20 ms, TI=420 
ms, and TR=2GOo\ns The field of view was 
\ 200 mm and the image matrix was 256x256 
j(NEX=2) Slice thickriess was 3 mm add the 
jgap was 0.2 mm F&ur axial slices were 
^obtained in each case, witih slice selection being 
obtained from a sagittal Wout image of the 
brain stem Slices were chosen perpendicular 
to the longitudinal axis of the midbrain. Using 
jthe WMS image it was ascertained that the 
I substantia nigra was visualised each of the 
jfour slices. By selecting the middle two slices 
jfor analysis we thereby ensured thkf there was 
jno contamination by volume averaging. 
( Changes in signal were seen in both ^MS and 
]GMS images, the GMS signal increasing yl areas 
of degeneration, whereas the WMS signal de- 
jcreased in the same areas Therefore, for eaqh of 
[the selected slices, a ratio of WMS to GMS 
images was generated, this ratio image providing 
(increased sensiuvuy compared with either the 
[WMS or GMS alone Nevertheless changes in\ 
jthe WMS images were less substantial than those 
jseen in the GMS images, so that the WMS image , 
jserved to define the boundaries of the substantia 
jrugra, whereas the GMS image (an patients) did 
[not. A blinded observer then performed a region 
jof interest (ROI) analysis, with regions of apoui 
]200 pixels being placed within the boundaries of 
the substantia nigra defined in both lateral and 
jmedial segments of the WMS image Th/se same 
regions were then placed on the ratio usages and 
bverage pixel values for the lateral jind medial 
^segments computed Because of un/eriainoes in 
absolute signal levels it is common practice in 
(quantifying MRI to take ratios' within each 
^ubject to make valid a comparison between sub- 
jects Therefore, for each subject the ratio R of 
lateral to medial values was defined, both for the 
jupper slice (RU) and for the lower slice (RL) 
Furthermore, these values were divided into a 
(ratio for the left SN C , deaoted by subsenpt "I", 
pnd the nght SN C , demoted by subscript V 
Therefore each subpecf in the study was repre- 
sented by two pairs/of values (RU„ RUJ and 
|RL,, RL,), the firs/ pair representing the upper 
plice and the second die lower. The centroid (the 
fnean value of thf ratio) ofrtiese values for normal 
)>ubjects was defied as RU and RL These values 
fvcre also defined for both left and nght SN C For 
f:ach subiect (both patients and normal controls) 
the distancf from this centroid was denned as the 
J>air of values (DU, DL), where 

DU = ^r^rC^+Cru-KU^ 
ul /vcri^-rOVCru-rt;) 2 



For all 12 subjects, these (euchdean) M\ 
tances (DU and DL) are presented in ricurs- B 

! 

Results / j 

Figure A shows the ratio images of th/ upper; 
and lower slices for a typical norma! subject, anj 
earK cise {Hoehn jnd Yahr sisge/i), jnd aj 
more advanced case tHoehn jnd/Yahr stjgej 
III) respectively These are displaced in pseu-| 
docolour to enhance the visual representation j 
In normal subjects it is seen thai the subsianuaj 
nigra extends to (he lateraj/borders of thej 
peduncle in the upper but noi in the lower shce.j 
This is demonstrated in thi WMS image (not) 
shown) In the graph, esfch subiect is repre- 
sented by a pair of vijues DU and DL, as 
denned in the Methods section. Normal 
subiect values are represented as green soli dj 
circles while the parents' values are displayed! 
as red solid circles. Next to each patient symbol: 
is a Roman numeral denoting the Hoehn andj 
Yahr stage of /the patient (as judged off 
medication) A/hvo tailed t test separated nor-! 
mal subjects fjr om patients (p<0 00 1 ) \ 

/ I 
/ ; 

Discussioa 

The neuroimaguig of the substantia nigra in 
Parkinson's disease, by means of conventional 
MRI techniques, has been a desirable but elu-j 
sive goal Potential benefits include the detec-j 
tioiy6f presymptomatic disease and the staging] 
of Jic disease Detection of presymptomatid 
cfaiease, especially in the inherited disorder,! 
jiould allow the early introduction of neuropro- 
tective treatments in those determined to be at 
task Furthermore the potential for staging thej 
dif ease would allow for evaluation of neuropro-i 
tective interventions in the symptomatic pa- 
tient. Techniques of this kind may also serve to! 
differentiate idiopathic Parkinson's disease 
from oiher forms of parkinsonism. 

Two inversion recovery sequences were used 
and a ratio image defined from them. We note 
that the ratio image depends (for TR much 
greater tharrTE) only on TJ , so that the signal) 
values hi the fcatio image couid be recast in the 
form of a Tl map To define a numerical j 
measure of degeneration (DU and DL) which j 
could be used to make a comparison between! 
subjects, intcrsubjffCt variability in absolute] 
signal was eliminated by making each subject) 
his own control and defining a lateral to medial) 
ratio of signal intensitjAwithin this ratio image | 
We note that the numerical measure is 
therefore defined in terms, of a ratio of ratios, f 
Visual inspection of the images confirms that! 
the substantia nigra degenerates from lateral to 
medial and in a rostral to Caudal direction. 
There is also thinning, and the\snmcture takes 
on a mottled appearance compared with the' 
normal subjects In particular, we looted that inj 
all six patients, in the lower shce'\ there were 
zones of cell loss surrounded by nngs\of relative j 
preservation These were not seen in dny of thej 
normal subjects. The significance of thisVattern j 
of cell loss has yet to be ascertained. Hdwever,j 
the sharp delineaoon of these structures serves j 
to demonstrate that the overall changes seen in [ 
the patient group were not the result of motibn \ 
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degrade small structural changes 
j fhe graph show s that the normal subjects are 
j clustered ejose to the origin of the plot The 
j least symptomatic patient, a 18 \ear old woman 
j « ith a I >ear hi&iorv of the disease is seen in the 
| sop left hand corner: The clear separation ot \bn 
I patient from the glhoup of normal subjects 
j suggests the possibility dfdeiecting presvmpto- 
| ma tic disease. Moreover^ the graph also 
j suggests the possibility of staging the progres- 
j sion of the disease, as there seemYtp be a corre- 
lation between seventy of diseasX^ and the 
' distance from the top left hand corner Note 
| that DU tends to normalise as the disease 
| progresses. This reflects the fan that the lateral 
I segment reaches an asymptotic signal value\ 
I first, and the medial segment finally approaches/' 
j the same asymptote, so that lateral and medsa'l 
j segments finally tend to the same value. y f 
j What is demonstrated here for the first time 
hs the potential efficacy of inversijsift recovery 
[sequences in imaging the substantia nigra in 
| both health and disease. It is^Wkely that difTer- 
jent pulse sequence parameters can be found 
that will yield further improvements m image 
j quality. Moreover, further work will be needed 
| to refine the technique, particularly in the use 
I of thinner slices, fastet sequences, and the use 
[of automated image segmentation techniques. 
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Abstract 

A method of detecting Parkinson's disease through MRI of substantial nigra pars 
compacts (SNc) tissue. The method invoives obtaining a gray matter suppressed (GMS) MRI 
signal from the SNc tissue, obtaining a white matter suppressed (WMS) MRI signal of the SNc 
tissue, and combining information from the GMS and WMS MRI signals to produce resultant 
signals indicative of Parkinson's disease. A similar method can be used to detect Progressive 
Supranuclear Palsy. A method of distinguishing between the two diseases involves obtaining at 
least two starting MRI images of SNc tissue using different MRI parameters, and combining the 
starting images to compute resultant signals differentiating between the two forms of 
parkinsonism. 
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MRJ Detection and Staging of Parkinson's Disease 
and Detection of Progressive Supranuclear Palsy 

Reference to Related Application 

This present application claims the benefit of provisional Application Serial No. 
60/250,301, filed on November 30, 2000, and hereby incorporates by reference herein the 
provisional application and its appendices. 

Field 

This patent specification is in the field of magnetic resonance imaging (MRI) and more 
specifically relates to obtaining and processing MRI signals to identify and stage conditions such 
as Parkinson's disease. 

Background 

Parkinson's disease is a progressive neurodegenerative condition that is difficult to detect 
in its early stages. Because of the human and socioeconomic cost of the disease, it is believed 
that the earliest detection, even when the disease is presymptomatic, is desirable. Further, it is 
believed that it would be desirable to develop an objective radiologic measure to stage the 
disease and to assess effect of interventions in both asymptomatic and symptomatic patients. 

This patent specification incorporates by reference the following articles: (1) 
Hutchinson M, Raff U, Parkinson's disease: a novel MRI method for determining structural 
changes in the substantia nigra. J Neurol Neurosurg Psychiatry December 1999; 67:815-818; and 
(2) Hutchinson M, Raff U, Structural Changes of the Substantia Nigra in Parkinson's Disease as 
Revealed by MR Imaging, AJNR Am J Neuroradiol 21 :697-701 , April 2000. 

Summary 

1 



SN 09/997,894 Atty Dkt. 0922/63690 

Michael Hutchinson Markup of substitute specification 

Filed November 30, 2001 

In preferred embodiments, two MRI images of different characteristics are obtained for 
each of a plurality of MRI slices of brain tissue. The images for each slice are combined to 
enhance a characteristic of interest as compared with the information in either starting image. 
The combined information is further processed to compute numerical measures indicative of the 
presence and or staging of a disease. 

In one preferred embodiment, the numerical measures are indicative of the presence 
and/or staging of Parkinson's disease. In another, they are indicative of Progressive 
Supranuclear Palsy. 

The two starting images for an MRI slice can be two images that include the substantia 
nigra pars compacta (SNc)--a grey matter suppressed (GMS) MRI image and a white matter 
suppressed (WMS) image. A ratio of the two images produces a ratio image. A ratio of two 
regions of interest (ROI), one from the medial segment and one from the lateral segment of the 
SNc for each slice, and combining the measures for two or more slices, gives numerical values 
indicative of the presence and/or staging of Parkinson's disease and the presence of Progressi ve 
Supranuclear Palsy. 

The preferred pulse sequences for obtaining the GMS and WMS signals are inversion- 
recovery sequences. Preferably, the WMS and GMS images, and/or the ratio images, are 
displayed in pseudocolor for more convenient visual delineation of the SNc. Preferably, an 
automatic segmentation is used to outline the SNc. 

Brief Description of the Drawing 

Fig. 1 illustrates grey matter suppressed (GMS) and white matter suppressed (WMS) 
MRI images that include the substantial nigra pars compacta (SNc) and corresponds to Fig. 2 in 
article (2) cited below. 

Fig. 2 illustrates ratio images of SNc after automated segmentation of the WMS images 
of the cerebral peduncle. 

Fig. 3 illustrates imaging of the SNc in Progressive Supranuclear Palsy (PSP). 
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Fig, 4 is a copy of Fig. A in article (1) cited above. The Upper row shows upper and 
lower ratio images of a normal object. Note that the substania nigra pars compacta (SNc) 
reaches the edge of the peduncle in the upper slice and becomes smaller in the lower slice. The 
substania nigra pars reticulata (SNR) is also seen in the upper slice, extending into the 
corticospinal tracts anteriorly. The colour bar shows the psuedocolour used for display and 
ranges from 0 to 225 (bottom to top). The ratio image of an early case shows, in the upper slice, 
thinning and loss of signal in the lateral part of the SNc. Note that the lower slice shows islands 
of destruction. The ratio images of an advanced stage show considerable signal loss in the SNc 
in both upper and lower slices. In addition, the SNc is essentially reduced to two rings of 
preservation in the lower slice. 

Fig. 5 is a copy of Fig. B in article (1) cited above. The graph is a plot of DU and DL, 
defined in article (1) as a distance from a centroid of control subjects for the upper slices and 
lower slices, respectively. Note that the controls (green dots) cluster at the origin and that the 
patients (red dots) are distributed along a diagonal path in correspondence with Hoehn and Yahr 
Disease stage (indicated by Roman numeral next to each dot). 

Fig, 6 is a copy of Fig. 1 in article (2) cited above. The upper row displays an example of 
axial WMS and GMS MR acquisition images of the mesencephalon in a control participant. The 
cerebral peduncle (second row, left) extracted from the WMS midbrain image serves as a 
template to extract the GMS image of the cerebral the cerebral peduncle shown on the right. The 
SNc is seen as bright arch in the peduncular WMS image, whereas it appears as a dark band in 
the corresponding GMS image. Note also the substantia nigra pars reticula (SNR) reaching 
across the crus cercbi toward the SNc. The raio image (WMS/GMS) of the two images in the 
second row yields the color-coded ratio image displayed on the bottom. All black and white 
images are shown using a standard display of 256 gray levels. The color image uses a 256- 
pseudocolour lookup table. 
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Fig. 7 is a copy of Fig. 3 in article (2) cited above. Radiologic indices are displayed for 
the six control participants and the six patients with Parkinson's disease. There is no overlap 
between the groups, which arc distinct by Student's t Test (P < .00005). The error bars represent 
one SD. 

Fig. 8 is a copy of Fig. 4 in article (2) cited above. Unified Parkinson's Disease Rating 
Scale scores for the six patients ranging from 12 to 71 are plotted versus radio-logic indices. A 
linear regression analysis was conducted, yielding a linear correlation coefficient of r = 0.99. 

Detailed Description 

As described in the two articles cited above and hereby incorporated by reference herein 
the possibility of detecting Parkinson's disease using MR! has been a long-sough goal: 

In preferred embodiments described herein and in the two articles, this goal is met by 
using imaging that enhances changes in a brain area that are believed to be indicative of 
Parkinson's disease. Using a combination of two MRI imaging inversion-recovery sequences, the 
substantia nigra is imaged and a radiologic index is derived and used to quantify changes in a 
manner enabling detection even in asymptomatic patients and also enabling objective staging of 
the disease. Structural changes in the substantia nigra, mainly in the pars compacta (SNc), are 
highlighted using the preferred MRI signals and processing, and numerical scored are derived to 
indicate the presence and/or staging of the disease. 

In a first method, described in detail in article (1), which is cited above and incorporated 
by reference herein, a white matter suppressed (WMS) image and a grey matter suppressed 
(GMS) images are obtained, using MR] inversion-recovery pulse sequences with the parameters 
stated in article (I) for the indicated MRI scanner, or using other sequences or parameters or 
MRI scanners that produce WMS and GMS MRI images differing from each other in a manner 
allowing for processing that highlights changes in the SNc associated with Parkinson's disease. 
As described in article (1), it has been found that the GMS signal tends to increase in SNc areas 
affected by the disease while the WMS signal tends to decrease in the same areas. A ratio image 
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of the WMS to GMA MR! images of an MR! slice sehee tends to have an increased sensitivity to 
changes in the substantia nigra due to Parkinson's disease than either of the GMS and WMS 
images alone. A numerical measure can be obtained, for example by taking a ratio of a medial- 
to-laterai regions of interest (ROI) in the substantia nigra imaged in each MRI slice. Each ROI 
can be about 200 pixels in size, although different sizes can be used, and this can also depend on 
the pixel resolution of the image. If the substantia nigra is imaged in two slices, an upper slice 
and a lower slice, a total of four ROI are defined. A ratio RU is computed of the pixel values of 
the lateral to the medial ROI in the upper slice, and a similar ration RL is computed for the lower 
slice. The resulting ratio values are further processed as described in article (1) to obtain a pair of 
numerical measures DU and DL. in a plot of the type illustrated in Fig. 4 of this application, 
which is the a copy of FIG. A of article (1 ), the numerical measures DU and DL give points that 
at in a cluster for Parkinson's disease patients that is well spaced from a cluster for patients 
without the disease, and also are at different positions for different stages of the disease, thus 
enabling detection and staging of the disease. 

For TR much greater than 71% the ratio image depends only or mainly on Tl, so the 
signal values of the ratio image can be recast in the form of a Tl map. This is so because for IR 
pulse sequences the pixel value P(x,y) at a pixel position (x,y) can be expressed as the value of 
Tl at the same position (x,y), thus creating a Tl map. Such a IT map can be similarly analyzed 
to compute similar numerical measures that highlight the presence and staging of Parkinson's 
disease. 

In another embodiment, described in detail in article (2), which is cil ed above and 
incorporated by re lerence herein, WMS and GMA MRI signals are similarly obtained but are 
processed differently, to compute a numerical radiologic index or score RI that is similarly useful 
for both detecting and staging Parkinson's disease, as illustrated at FIGS. 3 and 4 of article (2). 

Fig. I of this patent specification corresponds to Fig. 2 in article (2) and illustrates an 
example of ratio images of the cerebral peduncle displayed in pseudocolors to show morphologic 
characteristics of the SNc in two control participants (1 and C2) in a study. The enhanced 
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visualization of changes due to Parkinson's disease can be seen in the lower four images (PI and 
P2) 

Fig. 2 illustrates the results of automated segmentation of the ratio images to isolate the 
SNc, The segmentation can he carried out with commercially available segmentation software, 
using pixel values and other parameters that can be experimentally determined for images from a 
specific MR I scanner. 

FIG. 3 illustrates that the WMS and GMS images discussed above and in articles (1) and 
(2) can be used to provide indications of Progressive Supranuclear Palsy (PSP). As explained in 
the caption of the figure, the changes thai are visualized allow distinguishing between the two 
forms of parkinsonism radiographically. 

Fig. 4 in this patent specification is a copy of Fig. A in article (1) cited above. The Upper 
row shows upper and lower ratio images of a normal object. The substania nigra pars compacta 
(SNc) reaches the edge of the peduncle in the upper slice and becomes smaller in the lower slice. 
The substania nigra pars reticulata (SNR) is also seen in the upper slice, extending into the 
corticospinal tracts anteriorly. The colour bar shows the psuedocolour used for display and 
ranges from 0 to 225 (bottom to top). The ratio image of an early case shows, in the upper slice, 
thinning and loss of signal in the lateral part of the SNc. The lower slice shows islands of 
destruction. The ratio images of an advanced stage show considerable signal loss in the SNc in 
both upper and lower slices. In addition, the SNc is essentially reduced to two rings of 
preservation in the lower slice. 

Fig. 5 in this patent speci fication is a copy of Fig. B in article (1) cited above. The graph 
is a plot of DU and DL. defined in article (1) as a distance from a centroid of control subjects for 
the upper slices and lower slices, respectively. As stated in article (1), left column in page 817, 
for each subject the ratio R of lateral to medial values was defined, both for the upper slice (RU) 
and for the lower slice (RL). These values were divided into a ratio for the left SNc, denoted by 
subscript 'T, and the right SNc, denoted by subscript "r". Therefore, each subject in the study 
was represented by two pairs of values (RU, and RU f ) and (RL, and RL r ), the first pair 
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representing the upper slice and the second the lower. The centroid (the mean value of the ratio) 
of these values for normal subjects was defined as RU and Ri . These values were also 
defined for both left and right SNc. For each subject (both patients and normal controls) the 
distance from this centroid was defined as the pair of values (DU, DL), where 
DU = {(RU, - Ri^Y + (RU r - W7) 2 y /2 and 

dl = {(/?/,! - mrj 1 + (rl t - RT r yy^. 

The controls (green dots) cluster at the origin and that the patients (red dots) are 
distributed along a diagonal path in correspondence with Hoehn and Yahr Disease stage 
(indicated by Roman numeral next to each dot). 

Fig, 6 in this patent specification is a copy of Fig. 1 in article (2) cited above. The upper 
row displays an example of axial WMS and GMS MR acquisition images of the mesencephalon 
in a control participant. The cerebral peduncle (second row, left) extracted from the WMS 
midbrain image serves as a template to extract the GMS image of the cerebral the cerebral 
peduncle shown on the right. The SNc is seen as bright arch in the peduncular WMS image, 
whereas it appears as a dark band in the corresponding GMS image. The substantia nigra pars 
reticula (SNR) reaching across the crus cerebi toward the SNc. The raio image (WMS/GMS) of 
the two images in the second row yields the color-coded ratio image displayed on the bottom. 
All black and white images are shown using a standard display of 256 gray levels. The color 
image uses a 256-pseudocolour lookup table. 

Fig. 7 in this patent specification is a copy of Fig. 3 in article (2) cited above. Radiologic 
indices are displayed for the six control participants and the six patients with Parkinson's 
disease. There is no overlap between the groups, which are distinct by Student's t Test (P < 
,00005). The error bars represent one SD, 

Fig. 8 in this patent specification is a copy of Fig. 4 in article (2) cited above. Unified 
Parkinson's Disease Rating Scale scores for the six patients ranging from 12 to 71 are plotted 
versus radio-logic indices. A linear regression analysis was conducted, yielding a linear 
correlation coefficient ol'r 0.99, 
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While specific examples of embodiments are described in detail above and in the two 
articles incorporated by reference, it will be clear to those skilled in the relevant technology that 
alternative implementations are within the scope of the disclosure of the appended claims. 
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Abstract 

A method of detecting Parkinson's disease through MR! of substantial nigra pars 
compacta (SNc) tissue. The method involves obtaining a gray matter suppressed (GMS) MR[ 
signal from the SNc tissue, obtaining a white matter suppressed (WMS) MRl signal of the SNc 
tissue, and combining information from the GMS and WMS MR] signals to produce resultant 
signals indicative of Parkinson's disease, A similar method can be used to detect Progressive 
Supranuclear Palsy. A method of distinguishing between the two diseases involves obtaining at 
least two starting MRI images of SNc tissue using different MR! parameters, and combining the 
starting images to compute resultant signals differentiating between the two forms of 
parkinsonism. 



9 



